The present study aimed to analyze a M. amazonicum population structure in a reservoir of the "Triângulo Mineiro", Brazil. Methods: Monthly surveys were carried out from April/2012 to May/2013 at the Miranda Hydroelectric Plant Reservoir located in Araguari river, state of Minas Gerais. A sampling section of 100 m long, 5 m wide and depth not exceeding 1 m was defined on the banks of the reservoir. Sampling consisted on two persons quickly passing a 2 mm sieves in partially submerged marginal vegetation, for one hour. The sampled specimens were identified, sexed and measured. Results: A total of 2,584 specimens were analyzed, of which 64.62% were females (3.93% ovigerous, 5.94% non-ovigerous and 54.75% juveniles), 29.16% males (21.41% adults and 7.76% juveniles) and 6.22% juveniles of undetermined sex. The sex ratio (1:2.21) indicated a clear deviation for females, for the whole sampling period, monthly and for each size class. Males had an average carapace length (CL = 4.50 ± 0.71 mm) significantly lower than females (CL = 4.64 ± 1.47 mm) and the size frequency distribution revealed a unimodal pattern, with peaks occurring in 4.0 -4.9 mm size class for males and in 3.0 -3.9 mm size class for females. The relation between total and carapace length was significant, indicating a negative allometric growth. No males' morphotypes were found. The population presented a continuous reproduction with a gradual increase between April and June/2012. Female sexual maturity was determined for 6.3 mm of CL, while for males was estimated for 4.0 mm. Conclusion: The Miranda reservoir population had a body size variation similar to the continental populations of Pantanal. The sexual dimorphism observed may be related to the absence of male morphotypes and to the "pure search" reproduction strategy. The deviated sex ratio for females may increase the chance of fertilization and the reproductive success. The presence of juveniles and ovigerous females throughout the year indicates a continuous reproduction pattern of the population.
Acta Limnologica Brasiliensia, 2019, vol. 31, e14 2013). These variations can be exemplified by the different osmoregulation and survival skills among larval and adult stages (Augusto et al., 2007) , and changes in reproductive strategies and size reached by individuals of these continental and estuarine populations (Odinetz-Collart & Magalhães, 1994; Silva et al., 2004) .
This species is the main native freshwater prawn commercially exploited in Brazil by artisanal fishing in the Amazon region, especially in the states of Pará and Amapá where there is a significant consumption, in addition to the Northeast region (Moraes- Valenti & Valenti, 2010) . Among the native species, M. amazonicum is the most recommended for cultivation in Brazil (New, 2005) . It has important characteristics that indicate its potential for aquaculture, such as the ability to adapt to intensive or extensive farming, its low aggressive behavior, rapid growth, great hardiness, easy captive breeding and maintenance (Maciel & Valenti, 2009; Machado et al., 2018) , besides being resistant to diseases (Lobão & Rojas, 1991; Araújo & Valenti, 2007) . There is currently a favorable scenario for the expansion of freshwater prawn farming in Brazil, mainly due to growing demand and better organization of the production chain (Marques & Moraes-Valenti, 2012) .
Despite all utilities and advantages, researches related to natural populations of M. amazonicum are concentrated in the north of Brazil (Odinetz-Collart & Rabelo, 1996; Nóbrega et al., 2014; Taddei et al.,
Introduction
Although Brazil's freshwater prawn farming is world-wide known, in continental waters is predominantly made with an exotic species -Macrobrachium rosenbergii De Man, 1879 (Palaemonidae) (FAO, 2014) . The native species M. amazonicum (Heller, 1862) , however, may in future be exploited on a large scale, since it is widely distributed throughout South America and has high commercial value (Mantelatto et al., 2016) . The poor knowledge about the natural biology of Brazilian inland populations of M. amazonicum can be one of the reasons of this little explored market. It is endemic in South America and distributed in the main river basins of the continent, like the Amazon River in the state of Pará and Paraná River in the states of Minas Gerais, São Paulo and Goiás (Vergamini et al., 2011; Pileggi et al., 2013; Pantaleão et al., 2014; Silva et al. 2017; Silva et al., 2018) .
Macrobrachium amazonicum species are divided into two main populations: those living in coastal regions, which inhabit the river estuaries and depend on brackish water to complete their life cycle, and continental populations that live in rivers, lakes and other inland water bodies (Moraes- Valenti & Valenti, 2010) . Variations between these populations occur regarding environmental characteristics, behavioral and life histories (Hayd & Anger, 2013) , in addition to physiological and morphological characteristics (Charmantier & Anger, 2011 ; Boudour-Boucheker et al.,
Resumo: Objetivo: O presente estudo analisou a estrutura populacional de M. amazonicum em um reservatório no "Triângulo Mineiro", Brasil. Métodos: Coletas mensais foram realizadas de abril/2012 a maio/2013 no reservatório da Usina Hidrelétrica de Miranda localizado no rio Araguari, estado de Minas Gerais. Um setor de amostragem de 100 m de comprimento, 5 m de largura e profundidade não excedendo 1 m foi definido nas margens do reservatório. A amostragem consistiu em duas pessoas passando rapidamente peneiras de malha de 2 mm na vegetação marginal, parcialmente submersa, por um período de 1 hora. Os espécimes amostrados foram identificados, sexados e medidos. Resultados: Foram analisados 2.584 espécimes, dos quais 64,62% eram fêmeas (3,93% ovígeras, 5,94% não ovígeras e 54,75% juvenis), 29,16% machos (21,41% adultos e 7,76% juvenis) e 6,22% juvenis de sexo indeterminado. A razão sexual (1:2,21) indicou desvio a favor das fêmeas, para todo o período amostral, mensalmente e por classe de tamanho. Os machos tiveram um comprimento de carapaça médio (CL = 4,50 ± 0,71 mm) significativamente menor que das fêmeas (CL = 4,64 ± 1,47 mm) e o padrão distribuição de frequência nas classes de tamanho foi unimodal, com picos ocorrendo em 4,0 -4,9 mm para machos e 3,0 -3,9 mm para fêmeas. A relação entre comprimento total e carapaça foi significativa, indicando um crescimento alométrico negativo. Não foram encontrados morfotipos de machos. A população apresentou reprodução contínua, com um aumento gradual entre abril e junho/2012. A maturidade sexual feminina foi determinada para 6,3 mm de CL, enquanto para machos foi estimada em 4,0 mm. Conclusão: A população do reservatório de Miranda teve uma amplitude de tamanho similar às populações continentais do Pantanal. O dimorfismo sexual observado pode estar relacionado à ausência de morfotipos de machos e com a estratégia de reprodução de busca ativa. A razão sexual desviada para fêmeas pode potencializar a chance de fertilização e sucesso reprodutivo. A presença de juvenis e fêmeas ovígeras ao longo de todo ano indicam um padrão de reprodução contínua da população.
Palavras-chave: Camarão-da-Amazônia; Bentos; Crustacea; dinâmica populacional.
2017) with few studies in the northeast (Sampaio et al., 2007; Rocha et al., 2015) and southeast region (Pantaleão et al., 2012 (Pantaleão et al., , 2014 Silva et al., 2017) . In the southeast region, most studies are related to M. amazonicum culture and were developed in São Paulo at the Aquaculture Center of Universidade Estadual Paulista -CAUNESP (Araújo & Valenti, 2007 Santos et al., 2016) . Crustacean population studies provide important information on species dynamics and contribute to the preservation of its natural biodiversity (Mantelatto & Barbosa, 2005) . There is no knowledge on population structure of M. amazonicum in the "Triângulo Mineiro" in the west part of state of Minas Gerais, although the species has been recorded in several dams in the region .
The construction of dams for hydroelectric power generation promotes substantial changes, not just in the original aquatic fauna of dammed rivers, but also micro-climatic changes and social impacts (Alves et al., 1999; Sanches & Fisch, 2005) . One way to minimize these environmental effects is to enable the sustainable use of these artificial aquatic environments (Freire et al., 2016) . Traditionally, the dams have been used in Brazil in leisure activities, including recreational activities, sport and artisanal fishing and most recently as areas for the development of fish farming enterprises (Vilas Boas, 2006; Freire et al., 2016) . Prawn populations, like M. amazonicum, present in dams can also be an important environmental resource for the inhabitants of regions located on its banks, either directly through artisanal fisheries, but also as a food item for fish species of sport and/or commercial interest.
The molecular genetic diversity studies of Bastos (2002) , the extensive morphometric analyzes of Porto (2004) and the differences in larval morphology and pattern of development described by Hayd & Anger (2013) suggest the possibility of an incipient speciation for some continental populations of M. amazonicum. In order to provide evidences for this possibility, the present study evaluated the population of Macrobrachium amazonicum in the reservoir of Miranda, describing its population structure (frequency distribution for size classes, sex ratio, sexual maturity and alometric growth) and some morphological characteristics of the individuals as total length and caparace length. To standardize the capture effort, sampling was performed by two people over a period of 1 h. Samples were collected at the beginning of the evening period, as Macrobrachium Spence Bate, 1868 species are known to be more active at night (Mossolin & Bueno, 2002) . The specimens captured were transferred to a plastic box, with water and ice, from the dam and immediately transported to the Laboratory of Aquatic Ecosystem Ecology of the Universidade Federal de Uberlândia (state of Minas Gerais), where they were stored in labeled bottles containing 70% EtOH.
Materials and Methods

Samples of
In the laboratory, prawns were identified (Melo, 2003) and sexed, by observing under a stereoscopic microscope the presence or absence of male sexual appendage on endopod inside the second pair of pleopods (Rocha & Barbosa, 2017) . The ovigerous condition also served for immediate recognition of females. There was a minimal size that allowed observing the male appendage and sex determination. Thus, the size of the lowest male individual found, determined the minimum size (CL) to verify sex, according to Bauer methodology (Bauer, 1989; Bauer & Vega, 1992) . All specimens smaller than the smallest male were considered undetermined sex juveniles. Sexual maturity of males was determined according to Bauer (1989) , using 25% of all size classes found, and for female was used the smallest ovigerous female.
The biometrics of individuals was obtained using a digital caliper (precision: 0.01 mm). The following dimensions were measured: Total Length (TL), distance between the tip of rostrum to the distal end of telson (mm), and Carapace Length (CL), distance between post-orbital margin to the posterior margin of the carapace (mm). The rostrum or telson of some specimens was broken, thus the use of the CL was preferred for most analyzes.
The number of size classes was calculated by means of the Sturges' formula but the population structure was not well described. So we grouped the individuals into eight different CL size classes by 1.0 mm intervals. The first class grouped individuals from 2.0 to 2.9 mm of CL and the last class grouped individuals between 10.0 to 10.9 mm. Individuals smallest than 2.9 mm de CL was considered juveniles of undetermined sex. As it was impossible to normalize the data with the transformations, the difference between CL males and females was compared by Mann-Whitney test (Zar, 1996) .
The morphometric relations between TL and CL were described for males, and females, using linear regression. TL was considered as independent variable and CL as dependent variable. The linear regression was expressed by the equation: Y = a + bX. Y defines growth classes (Fonteles-Filho, 1989) as: negative allometric growth (b < 1), positive allometric growth (b > 1) and isometric growth (b = 1). Analysis of Variance (ANOVA) was used to check linear regression significance, while Analysis of Covariance (ANCOVA) tested the difference between regression lines for males and females. The "b" coefficient which expressed growth allometric levels was tested using Student t test (Zar, 1996) .
The presence of ovigerous females was evaluated monthly, the months in which this presence was detected, were considered as breeding periods of the species. The sex ratio was measured by calculating the abundance of males in relation to the total of sexed individuals. The sex ratio in each CL class was compared to the expected sex ratio of 1:1 using the Binomial Test (SISA, 2018) . The sex ratio recorded in each month and in the total sampling period was compared with the expected proportion (1: 1) using Chi-square test (χ 2 ).
Results
During this study, 2,584 individuals were captured and analyzed. Minimal size to check individual sex was 3.0 mm resulting in 2,423 individuals (93.8%) with their sex defined, and 161 with undetermined sex individuals. From this total, 1,668 individuals were female (102 ovigerous, 1417 juveniles and 149 adults) and 755 were male (201 juveniles and 554 adults). Juvenile males were included in CL size classes lower than 4 mm, while juvenile females in size classes lower than 6.3 mm.
Specimens of M. amazonicum were collected in 13 of the 14 months in which samples were taken. No individuals were sampled in May/2012. The highest frequency of individuals was observed in January, April and May/2013 with the highest number of individuals (573) sampled in May/2013. In October/2012 the lowest number of individuals (39) was recorded.
The population had an average CL of 4.48 ± 1.32 mm and CL amplitude varying from 2.0 to 10.6 mm. Females were larger than males (U = 566339.5, p < 0.01) and presented CL range from 3.0 to 10.9 mm, while males from 3.0 to 8.1 mm CL (Table 1) . Ovigerous females was recorder in CL size classes from 6.3 to 10.7 mm. Linear regression showed significance for the relationship between TL and CL for males and females (p < 0.001), with negative allometric growth, indicating that CL increased to a lesser extent than TL ( Table 2) . The relationship between TL and CL of males and females specimens differed significantly when submitted to Analysis of Covariance (ANCOVA) (F 1, 2,420 = 67.365.17, p < 0.001).
The highest frequencies of occurrence were recorded in the 4.0 -4.9 mm size class for males and in the 3.0 -3.9 mm for females. These size classes represented 70.41% of the individuals sampled. The size distribution presented a unimodal pattern for both sexes (Figure 2A ).
For analysis of the sex ratio by size classes, the Binomial Test showed significant differences in all classes, except in class 5 -5.9 mm (p = 0.1935; IC female : 185.32 <2 05 < 224.49). Significant deviation for female direction ( Figure 2B ) was detected. In the evaluation of monthly sex ratio, a significant difference was observed in relation to the expected 1:1 ratio. Differences in sex proportion were recorded for almost every month, except for October/2012. A dominance of females was also recorded considering the whole study period (1:2.21) (χ 2 = 343.27; p < 0.0001) ( Table 3) . In general, it is possible to notice a higher variation in the number of males sampled throughout the year, which is not observed among females. The presence of ovigerous females was observed during all over the year. Recruitment peaks were observed in January and May/2013 (Figure 3) . 
Discussion
Morphometric characteristics show important variations among different M. amazonicum populations (Porto, 2004) . Variation in the biometry of males and females in the present study (males: 3.0 to 8.1 mm of CL and females: 3.0 to 10.6 mm of CL) was much lower than in populations of the same species studied in the estuaries and islands of Pará State (Bentes et al., 2011; Freire et al., 2012; Nóbrega et al., 2014) . In the first paper, the authors found male lengths from 7.6 to 31.5 mm of CL and females lenghts from 5.0 to 32.5 mm of CL in one of the regions of the estuary, while Nóbrega et al. (2014) observed variation from 1.55 to 34.23 mm of CL for males and 2.57 to 44.72 mm of CL for females. In this study authors also reported that the high lengths of the observed individuals are due to local conditions, since the estuary offers better growth and protection conditions. Moreover, food such as microorganisms, phytoplankton and zooplankton are very abundant in this kind of environment. In addition, it may be due to the sampling section that offer full conditions for small individuals develop normally, including adults physiologically mature that already participate in the reproduction process.
Zimmermann et al. (2012) found differences in carapace shape of Macrobrachium australe (Guérin-Méneville, 1838) related to water flow in the environment. In lotic habitats individuals with a robust carapace were recorded, while in lentic habitats prawns had slender carapaces. Considering the water flow characteristics of the Miranda dam, it is possible that this lentic environment, with very low water speed, is a response to the significant differences found in the carapace length of these animals in relation to other continental populations.
It is essential to consider, however, that genetic characteristics could influence the expression of this character, being necessary an genetic comparison of these populations to answer of this question. Similar biological differences between M. amazonicum populations from Pantanal (CLmax. 11.1 for males, 11.2 for females in lotic habitats and CLmax 10.9 mm for males 13.7 mm for females in lentic habitats) and those living in estuaries (CL max 26.8mm, on average, for both sexes) has been showed by Hayd & Anger (2013) and were also detected in Miranda dam population (CLmax 8.1 mm for males and 10.6 mm for females). A maximum length of 33.09 mm has been recorded in the Santana Island (PA) (Lima e Silva, 2015) , while in Tucuruí reservoir (PA) it was 18 mm (Odinetz- Collart & Magalhães, 1994) . Individuals show up to 18 mm of CL in the Amazon River and up to 28 in the Tocantins River (Odinetz- Collart & Moreira, 1993; Flexa et al., 2005) . Although significant differences were observed in several studies regarding morphological and morphometric characteristics, as well as in molecular genetics, these variations were not considered sufficient to justify a taxonomic division of the complex M. amazonicum (Porto, 2004; Maciel & Valenti, 2009; Vergamini et al., 2011; Hayd & Anger, 2013) .
The relationship between TL and CL presented negative allometry for both sexes. This suggests that an increase in the proportion of the total length occurs faster than in carapace length as the animals grow. This result corroborates those obtained by Bentes et al. (2011 ), Freire et al. (2012 , Hayd & Anger (2013) and Nóbrega et al. (2014) .
The females were larger than males, which corroborates previous studies with M. amazonicum (Odinetz-Collart & Moreira, 1993; Silva et al., 2007; Bentes et al., 2011; Hayd & Anger, 2013) . Population such as those observed in the Pantanal (Hayd & Anger, 2013) , Tietê River (Pantaleão et al., 2012) and "Triângulo Mineiro" (present study; Silva et al., 2017) , where males tend to be smaller than females, may be related to a promiscuous mating system, which in turn is associated with mobile and non-territorial species, with high density and few pre-copula interactions or agonistic behaviors among males. Thus, males would not need to invest in growth or defense structures against other males (chelipeds) in competition for females during reproduction. Staying small, agile, with high mobility and being less interesting for predators could be an efficient survival strategy (Bauer & Abdalla, 2001; Bauer, 2004; Correa & Thiel, 2003; Bauer & Thiel, 2011) .
This variation in size between males and females is related to the presence or absence of male morphotypes (TC, CC, GC1, GC2). For Macrobrachium spp., the differentiation of males in morphotypes with very large chelipeds is associated to their guarding behavior, which guarantees intraspecific competition and domination of females during copulation process Karplus et al., 1991; Moraes-Riodades & Valenti, 2004) .
In our study, the presence of males with different morphological characteristics was not detected, such as in other studies (Pantaleão et al., 2012; Hayd & Anger, 2013; Rocha et al., 2015) with females larger than males. The weak expression of this sexual dimorphism associated with the absence of investment in the defense of potential females for mating make the males smaller. In this "pure search" mating system, small size is an advantage for males and they do not need to develop large chelipeds. The reproductive success depends on male ability to find and fertilize as many receptive females as possible (Correa & Thiel, 2003; Bauer & Thiel, 2011) . In populations in which these morphotypes are absent females usually have larger sizes than males (Hayd & Anger, 2013) . It becomes interesting for females to invest in body growth, since this ensures greater fecundity and increases the chance of reproductive success in interactions with males (Silva et al., 2004; Bauer, 2004; Correa & Thiel, 2003; Bauer & Thiel, 2011; Lima et al., 2013) .
An increase in the total body length of females may be related to the growth in a greater proportion of the abdomen, since this part of the body of the prawn has an effective participation in the incubation of the eggs, which are adhered to the pleopods (Silva et al., 2007) . In caridean shrimps, as in others crustaceans species, egg production can be limited by female's body size (Bauer, 1991) , as Meireles et al. (2013) found in populations of states of Pará and Mato Grosso do Sul.
The frequency distribution of individuals in size classes was unimodal, with distinct modal classes for females and males. This pattern has also been verified for populations of M. brasiliense (Heller, 1862) (Mantelatto & Barbosa, 2005) , M. jelskii (Miers, 1877) (Barros- Alves et al., 2012; Lima et al., 2013) and M. amazonicum (Silva et al., 2007) . According to Díaz & Conde (1989) , the unimodal pattern is common among tropical crustaceans, being the result of continuous patterns of spawning, recruitment, migration and mortality.
The sex ratio observed in the present study showed that the population was not stable in relation to the expected theoretical ratio of 1:1, since a favorable proportion to females occurred both monthly and in size classes, except in 5 -5.9 mm size class. This favorable proportion of females in M. amazonicum was also verified in several studies (Odinetz-Collart, 1987; Hayd & Anger, 2013; Taddei et al., 2017) although Silva et al. (2002a, b) found dominance of males. Skewed sex ratios are widely diffused among crustaceans and are influenced by differences between males and females related to seasonal migrations, birth rates, mortality, longevity and predation (Wenner, 1972 (Mantelatto & Barbosa, 2005) .
The larger proportion of females in the dam over the entire sampling period may also be related to the phases of the reproductive process in which females adopt an aggregate distribution pattern in the breeding areas and become more susceptible to be captured when the collection sampling is carried out in such places (Coelho & Santos, 1993) .
For M. iheringi (Ortmann, 1897) , it has been proposed that the dominance of females may be a reproductive strategy to compensate the low fecundity (Fransozo et al., 2004) , a fact that also occurs with M. amazonicum, that has a lower fecundity when compared to other species of the same genus (Maciel & Valenti, 2009 ). In the same way, for the species M. jelskii and M. brasiliense (Heller, 1862), Taddei et al. (2017) mentioned that the higher number of females in the population favors a higher index of fertilization, mainly due to the characteristic of continuous reproduction of the species.
The occurrence of ovigerous females in the Miranda dam throughout the study period indicates the species can reproduce throughout the year, evidencing a continuous reproduction, also observed elsewhere (Freire et al., 2003 (Freire et al., , 2012 . Freshwater prawns of the genus Macrobrachium present continuous or periodic reproduction, and in Brazil, most species have a long reproductive period that can extend throughout the year with a higher intensity period (Valenti & Lobão, 1986) , as occurred in this study during the months of april and june/2012. The reproductive period of freshwater decapod crustaceans is associated with rainfall, thermal variations and photoperiod of the region (Pinheiro & Hebling, 1998) . Odinetz-Collart & Rabelo (1996) add other influences such as water velocity, food availability, and population density.
Thus, this study confirmed the differences in population structure between the continental and estuarine groups of this prawn species. Females were larger than males and no male morphotypes were found either. The size frequency distribution revealed a unimodal distribution pattern, with peaks occurring in 4.0 -4.9 mm size class for males and in 3.0 -3.9 mm size class for females. The species presented a continuous reproduction with a gradual increase between april and june/2012. This study offered novel information to understand the life history of M. amazonicum in the "Triângulo Mineiro" region. The size differences recorded in relation to other studies suggests the possibility of an incipient speciation in this M. amazonicum population although genetic studies are necessary to provide more evidences on this. Besides, the data generated could be fundamental for defining strategies for the conservation and management of the species, including its potential for fishing and aquaculture exploitation. In addition, the information obtained is extremely important because it is a rich region of Brazil in water resources, with few studies of carcinology, and where other populations can be found and managed.
